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ABSTRACT
Polarimetry of IGR J1401−4306, a long period (12.7 hours), eclipsing intermediate
polar and remnant of Nova Scorpii 1437 A.D., reveals periodic variations of optical
circular polarization, confirming the system as the longest period eclipsing intermedi-
ate polar known. This makes it an interesting system from an evolutionary perspective.
The circular polarization is interpreted as optical cyclotron emission from an accreting
magnetic white dwarf primary. Based on the polarimetry, we propose that it is a disc-
fed intermediate polar. The detection of predominantly negative circular polarization
is consistent with only one of the magnetic poles dominating the polarized emission,
while the other is mostly obscured by the accretion disc.
Key words: accretion, accretion discs − methods: analytical − techniques: polari-
metric − binaries: close − novae, cataclysmic variables − X-rays: stars.
1 INTRODUCTION
Cataclysmic variables (CVs) are interacting binaries in
which gas from a Roche lobe filling, late-type, main-sequence
star (the secondary) is being transferred to a white dwarf
(the primary). In general the material from the secondary
spirals down to the white dwarf through an accretion disc.
In the intermediate polar (IP) class of magnetic CVs the
magnetic field of the white dwarf is sufficiently strong to
disrupt and truncate the inner part of the accretion disc.
From this point on accretion proceeds via accretion curtains
on to regions near the magnetic poles of the white dwarf
(see e.g. Hellier (1999) and references therein). The gas be-
comes shocked to high temperatures, emitting X-rays and
sometimes optically polarized cyclotron radiation in the op-
tical/infrared region.
In classical novae, prior to eruption, material is almost
continuously being deposited on to the surface of the white
dwarf at a very high rate. At some stage a critical den-
sity of accreted material is reached, which results in a ther-
monuclear runaway in the hydrogen envelope of the primary.
These events are observed as nova explosions, with material
being expelled from the binary system (Starrfield et al. 1972;
Starrfield Sparks & Truran 1976; Prialnik, D., Shara, M. M.
& Shaviv, G. 1978). The brightness of these novae can in-
crease from 6 to 19 magnitudes. Comprehensive reviews on
classical novae and CVs can be found in (Bode & Evans
1989) and (Warner 1995), respectively.
? E-mail: sbp@saao.ac.za
Dwarf novae, on the other hand, have much lower mass
transfer rates and exhibit periodic dwarf nova outbursts
when accretion-disk instabilities cause the discs to become
hot, optically thick and brighter. They are observed to have
multiple eruptions on timescales of weeks to years, increas-
ing in brightness from 2 to 7 magnitudes.
CVs continue to be discovered as novae eruptions (clas-
sical and dwarf) or by X-ray satellites (e.g. ROSAT, ASCA,
RXTE, BeppoSAX, INTEGRAL). Magnetic CVs, in partic-
ular, were discovered as a result of their X-ray emissions.
The hard X-ray source, IGR J17014−4306, discovered
by the INTEGRAL satellite (Krivonos et al. 2012), was sug-
gested to be a magnetic CV on the basis of followup opti-
cal spectroscopy (Masetti et al. 2013). Further X-ray and
optical photometry by Bernardini et al. (2017) and optical
photometry by Shara et al. (2017) showed strong evidence
that the system was an intermediate polar with a ∼1859 s
spin period.
Shara et al. (2017) reported the recovery of the CV rem-
nant of the classical nova of 11 March 1437 A.D. (recorded by
Korean royal astronomers) as IGR J17014−4306, indepen-
dently confirming its age by proper motion-dating. They also
show that, in the 20th century, it exhibited three dwarf nova
type eruptions in 1934, 1935 and 1942. The CV shows ellip-
soidal variability and is deeply eclipsing which enabled the
measurement of its orbital period Porb = 0.5340263 ± 5E − 7
days, and detailed characterization of its stellar components.
From their optical photometry and Chandra X-rays they de-
tect (using Discrete Fourier analysis) a period of 1859.112 ±
0.069 seconds, which they also attribute to the spin period
© 2015 The Authors
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Table 1. Table of observations. All observations were made with
the HIgh-speed-Photo-Polarimeter (HIPPO; (Potter et al. 2010))
on the 1.9m telescope of the South African Astronomical Obser-
vatory
Date No.Hours Filter(s) Eclipse
25 June 2017 8.1 clear No
30 June 2017 0.85 BG39, OG57 Yes
30 June 2017 2.2 OG57 No
13 July 2017 3.84 OG57 No
14 July 2017 4.32 OG57 Yes
16 July 2017 0.54 OG57 No
17 July 2017 5.1 clear No
18 July 2017 4.7 OG57 No
22 July 2017 6.5 clear Yes
of the white dwarf, which is more than 5σ from the period
derived by Bernardini et al. (2017), namely 1858.67 ± 0.02 s
derived from AAVSO optical V-band observations only (us-
ing a two composite sinusoidal model for the fundamental
and its first harmonic.)
2 OBSERVATIONS
IGR J17014−4306/Nova Sco 1437 A.D. was observed on
9 nights of June and July 2017 (see Table 1). All obser-
vations were made with the HI-speed Photo-POlarimeter
(HIPPO; Potter et al. (2010)) on the 1.9-m telescope of the
South African Astronomical Observatory. The HIPPO was
operated in its simultaneous linear and circular polarime-
try and photometry mode (all-Stokes). Observations were
either clear filtered (3500-9000 A˚) defined by the response of
the two RCA31034A GaAs photomultiplier tubes or through
broad-band blue (BG39) and red (OG570) filters.
Several polarized and non-polarized standard stars (Hsu
& Breger 1982; Bastien et al. 1988) were observed in order to
calculate the waveplate position angle offsets, instrumental
polarization and efficiency factors. Photometric calibrations
were not carried out; photometry is given as background sky
subtracted total counts. Background sky photometry and
polarization measurements were taken at frequent intervals
during the observations.
All of our observations were synchronized to GPS to
better than a millisecond. Given the high-speed nature of
HIPPO, its timing accuracy has been verified through feed-
ing GPS pulsed LED light fed through the instrument.
We corrected all times for the light travel time to the
barycentre of the Solar system, converted to the barycentric
dynamical time (TDB) system as Barycentric Julian Date
(BJD; see Eastman Siverd & Gaudi (2010), for achieving
accurate absolute times and time standards). By doing this
we have removed any timing systematics, particularly due to
the unpredictable accumulation of leap seconds with UTC,
and effects due to the influence of primarily Jupiter and
Saturn when heliocentric corrections only are applied. Data
reduction then proceeded as outlined in Potter et al. (2010).
3 RESULTS
Fig. 1 shows our longest observation, specifically the clear-
filter photopolarimetric observations taken on the night of
2017 June 25/26 for a total of ∼ 8.1 hours. Conditions
were photometric except for the final ∼ 30 minutes where
some light loss occurred during worsening seeing. Using
the orbital ephemeris of Shara et al. (2017) these observa-
tions correspond to an orbital phase range between ∼0.04-
0.69(±0.0006).
The photometry has not been flux calibrated, however
its relative brightness compared to the surrounding field
stars, as observed in the telescope acquisition image, ap-
pears consistent with the optical image presented in Masetti
et al. (2013), giving an R magnitude of ∼15-16.
The 1859s white dwarf spin modulation can clearly
be picked out in the clear-filter photometry (binned to
30s, Fig.1 top panel). The clear-filtered circular polarimetry
(binned to 120s) shows variability mostly confined between
0 and −4 per cent. There are some excursions to positive
circular polarization although the S/N precludes a definite
detection. Fig. 1 bottom panel shows the circularly polarized
counts. The circular polarization also appears spin pulsed
with maximum percentage (and counts) occurring near the
minimum of the photometric pulses.
All of the photometry and polarimetry as listed in Table
1 were subjected to Fourier analysis. Fig. 2 presents the
amplitude spectra. The top and bottom panels display the
photometry and circular polarimetry respectively.
The amplitude spectra of the clear filtered photometry
is dominated by a singular peak coincident with the spin
frequency reported by Bernardini et al. (2017) and Shara
et al. (2017). The expanded view, centered on the spin fre-
quency, shows multiple peaks as a result of aliasing. None
of these peaks are consistent with the expected location of
the beat frequency (spin frequency - orbital frequency) cor-
responding to a beat period of 1937.1(1.3)s. Harmonics are
also present at 2 and 3 times the spin frequency (shown as
vertical dashed lines) but at a very low level.
The corresponding circular polarimetry also has a sig-
nificant peak coincident with the spin period, thus confirm-
ing the intermediate polar status of IGR J17014−4306/Nova
Sco 1437 A.D. through the discovery of spin modulated cir-
cular polarization. Similar to the photometry, small peaks
are also present at 2 and 3 times the spin frequency (shown
as vertical dashed lines). The expanded view, centered on
the spin frequency, shows multiple peaks as a result of
aliasing. None of these peaks are consistent with the ex-
pected location of the beat period. Both the photometry
and circular polarimetry peaks have maximum values cen-
tered on 1859.1(1.3)s. The error represents the FWHM of the
peak which precludes distinguishing between the periods of
Bernardini et al. (2017) and Shara et al. (2017).
Linear polarization is seen at a level of ∼1.0 per cent
(not shown); however, the S/N is not sufficient to claim a
firm detection and is probably due to interstellar polariza-
tion. In addition, no significant periods were detected in the
Fourier analysis of the linear polarimetry.
The spin modulation is confirmed in Fig. 3, where the
clear filtered, 25 June, photometry and polarimetry have
been spin-phase-fold-binned on the spin ephemeris of Shara
et al. (2017). The accumulated error of the spin ephemeris
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Figure 1. Photo-polarimetry from 25 June 2017. Top to bottom panels correspond to the photometry (30s bins), percentage of circular
polarization (120s bins) and circular polarized counts (120s bins). Worsening seeing is the cause of the photometric drop off towards the
end.
amounts to ∼ 0.0125 days which is more than half a spin
period. Therefore it is not unexpected to find that the max-
imum flux of the photometry is not located at phase 0, as
defined by the spin ephemeris. The accumulated error also
precludes the refinement of the spin period due to ambiguous
cycle counts.
Shara et al. (2017) noted two pulses, with different
amplitudes, per spin period in their photometric observa-
tions, which would produce significant power at the first
harmonic. They further mentioned that the pulse profiles
changed slightly from night to night. The photometric pulse
profile, presented in Fig. 3, displays a more single saw-tooth
shape, rather than a double-peaked profile. There is some in-
dication of a changing pulse profile throughout our datasets,
however we do not have sufficient observations to derive fur-
ther conclusions.
The circular polarization appears to be negatively po-
larized throughout the full spin cycle with a single pulse of
∼ half a spin period. The peak of the polarized pulse occurs
∼ 0.1 of a spin phase after the minimum of the photometric
pulse.
Fig. 4 shows the 14 (OG570) and 22 (CLEAR) July 2017
observations of the eclipses of IGR J17014−4306/Nova Sco
1437 A.D. The predicted times of eclipse according to Shara
et al. (2017) are indicated by vertical dashed lines while the
span of the eclipses is indicated by the shaded grey regions.
The eclipse morphology looks somewhat different for the two
observations, where the egress seems more step-like for the
22 July. We believe this is indicative of cycle-to-cycle changes
rather than a wavelength effect, since an eclipse observation
done on 30 June (not show), taken with the OG570 and
CLEAR filter simultaneously, showed exactly the same light
curve morphology, both with similarly sharp egresses.
During the period of eclipse the percentage of polariza-
tion and the amount of circular polarized counts is reduced,
demonstrating that the negatively polarized cyclotron emis-
sion region(s) are being occulted during the whole eclipse.
There is some indication that the net circular polarization
is positive during the clear filter eclipse, possibly evidence
that the second accreting pole is not eclipsed. However the
S/N is too low for a firm conclusion and further observations
during eclipse would be required to investigate this.
Outside of eclipse the circular polarized pulses can
clearly be seen, similar to those seen in Fig 1. In addition
there appears to be variability of the order of ∼0.01-0.02
days in the average polarization. For example, the polariza-
tion after the OG57 filter eclipse (Fig. 4) is generally more
negative than before eclipse and similarly for a region of time
before the CLEAR filter eclipse (Fig 4).
MNRAS 000, 1–7 (2015)
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Figure 2. Fourier analysis of the combined data set: Top and
bottom panels are the amplitude spectra of the photometry and
circular polarized counts respectively. ω is the spin frequency, also
indicated by the red, vertical, dashed line. Blue, vertical, dashed
line indicate where the beat frequency would be expected. Inserts
show expanded views around the spin frequency.
4 DISCUSSION
There are only two other IPs with longer orbital periods
than IGR J17014−4306/Nova Sco 1437 A.D., namely GK
Persei (47.9 hr), see e.g. Crampton, Fisher & Cowley (1986);
Bianchini et al. (2003) and 1RXS J173021.5-055933 (15.42
hr), see Butters et al. (2009).
GK Persei is also a classical novae (Nova Persei 1901)
surrounded by the nova remnant; the Fireworks nebula. It
was classified as an intermediate polar after the discovery
of 351s pulsed X-ray emission, see (Mauche 2004) and refer-
ences therein.
1RXS J173021.5-055933 (IGR J17303-0601, V2731
Oph) was selected from the ROSAT Bright Source Cata-
logue (Voges et al. 1999) by Gaensicke et al. (2005) and
identified as an Intermediate polar with an orbital period of
15.42 hr and WD spin period of 128.0s. UBVRI polarimetric
observations were carried out by Butters et al. (2009) who
reported possible spin modulated circular polarization in the
B-filter but not in the other filters.
IGR J17014−4306/Nova Sco 1437 A.D. is now the
longest period eclipsing intermediate polar known, which
makes it an interesting system from an evolutionary per-
spective (see Fig. 5).
4.1 The accretion geometry
With an orbital period of >3h and a Pspin/Porb = 0.04,
IGR J17014−4306/Nova Sco 1437 A.D. is a ’regular’ disc-
fed IP according to the prescription by Norton, Somerscales
& Wynn (2004) and Norton et al. (2008), albeit with an
extreme orbital period of 12.8 hours.
0.0 0.5 1.0 1.5 2.0
35000
36000
37000
38000
39000
40000
41000
42000
T
o
ta
l 
C
o
u
n
ts
0.0 0.5 1.0 1.5 2.0
3
2
1
0
1
C
ir
cu
la
r 
%
0.0 0.5 1.0 1.5 2.0
spin phase
4000
3000
2000
1000
0
1000
C
ir
cu
la
r 
C
o
u
n
ts
Figure 3. Spin folded photometry and circular polarimetry of
the June 25th observations. Bin sizes correspond to ∼ 46s (0.025
spin phase bins) for the photometry and polarimetry.
Ferrario & Wickramasinghe (1999) have shown that, for
stream-fed accretion, significant power would be expected in
the optical at the beat frequency (ω − Ω). In contrast, for
disc accretion, the dominant power in the continuum and
line fluxes is always at the spin frequency ω. We have found
significant power at ω only, consistent with the ’regular’ disc-
fed IP classification. This is further supported by the broad
(FW∼2000-2700 km/s) emission of HI Balmer, HeII and HeI
lines reported by Shara et al. (2017).
IGR J17014−4306/Nova Sco 1437 A.D. displays nega-
tive circular polarization only, which would ordinarily be
attributed to either single pole accretion or a viewing geom-
etry that somehow hides one of the magnetically accreting
poles. Single pole accretion is difficult to reconcile given the
disc-fed classification, which would be expected to produce
accretion curtains onto the magnetic poles of both hemi-
spheres. It is also difficult for the ’lower’ pole to be mostly
self occulted by the WD given the high inclination. One pos-
sibility is that any emission from the lower pole is obscured
by the accretion disc. This scenario has been suggested by
Evans & Hellier (2007) in order to partly explain why some
IPs show soft X-ray emission and others do not. They rea-
son that the viewing geometry to the so called soft IPs is
such that the accreting poles are viewed directly and there-
fore the soft emission is not obscured. Hard IPs however can
have one or both poles either obscured by an accretion disc
or by accretion curtains, which would absorb the blackbody
component of the soft emission. Similarly this could also ex-
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Figure 4. Photo-polarimetry around times of eclipse. Left and right columns show OG57 and clear filtered observations from 14 and
22 July 2017 respectively. Top to bottom panels show the photometry (30s bins), circular percentage and circular counts (120s bins)
respectively. Vertical dashed line indicates time of mid-eclipse according to ephemeris of (Shara et al. 2017).
plain why only a handful of IPs show polarized emission,
namely that for most inclinations, both poles are relatively
un-obscured and will result in a net polarization close to
zero.
The soft IPs are indicated in Fig. 5 with star sym-
bols and the remaining IPs with open circles. The polar-
ized IPs are additionally annotated with a ’P’. Of the soft
IPs 63% (7/11) are polarized, whereas only 8% (3/37) of
the remaining IPs show polarization. This tends to favor
the scenario that polarization and soft X-ray emission can
occur when the geometry is such that there is an unob-
structed view of at least one of the accreting poles during the
spin cycle of the white dwarf (Evans & Hellier 2007). IGR
J17014−4306/Nova Sco 1437 A.D. has a soft blackbody X-
ray component (Bernardini et al. 2017) and is therefore a
soft IP.
4.2 Outbursts
Shara et al. (2017) have located the CV associated with
the remnant of Nova Sco 1437 A.D. from Harvard DASCH
(Digital Access to a Sky Century Harvard) photographic
plates and identified possible dwarf nova outbursts in the
1930s and 1940s. Our circular polarimetry identifies Nova
Sco 1437 A.D. as an IP rather than a dwarf nova. Neverthe-
less IPs have been reported to undergo ’outbursts’; e.g. EX
Hya (Mhlahlo et al. 2007; Hellier et al. 2000) XY Ari (Hel-
lier, Mukai & Beardmore 1997), GK Per (Sabbadin & Bian-
chini 1983; Watson, King & Osborne 1985; Morales-Rueda,
Still & Roche 1996), TV Col (Szkody & Mateo 1984; Hel-
lier & Buckley 1993), V1223 Sqr (van Amerongen & van
Paradijs 1989) and YY Dra (Szkody et al. 2002). XY Ari,
GK Per and YY Dra are said to have their outbursts caused
by an instability in the disc (Hellier, Mukai & Beardmore
1997) while other IPs, e.g. TV Col, V1223 Sqr and EX Hya,
seem to pose problems for the disc instability model. It has
been suggested that the outbursts in these three stars are a
result of increased mass transfer from the secondary (Hel-
lier & Buckley 1993; Hellier et al 1989; Hellier et al. 2000)
due to enhanced mass transfer as a result of increased ir-
radiation of the secondary. More recently Hameury, J.-M.
& Lasota, J.-P. (2017) performed numerical simulations of
truncated accretion discs around magnetised white dwarfs.
They conclude that the more infrequent and short outbursts
observed in long-period IPs (compared to dwarf nova) can-
not be attributed to the thermal-viscous instability of the
accretion disc, but instead have to be triggered by an en-
hanced mass-transfer from the secondary, or, more likely,
by some instability coupling the white dwarf magnetic field
with that generated by the magneto-rotational instability
(MRI) operating in the accretion disc.
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6 Stephen B. Potter & David A. H. Buckley
100 101
Orbital Period [hrs]
102
103
S
p
in
 P
e
ri
o
d
 [
s]
P
P
PP
PPP
P
P
P
Figure 5. Orbital verses spin period of the so
called ironclad intermediate polars. List taken from
https://asd.gsfc.nasa.gov/Koji.Mukai/iphome/iphome.html.
Large star symbol corresponds to IGR J17014−4306/Nova Sco
1437 A.D. Smaller star symbols correspond to the other known
soft IPs. Remaining IPs indicated with open circles. Polarized
IPs are additionally annotated with a ’P’. Diagonal lines are
Porb = Pspin (solid) and Porb = 10xPspin (dashed).
4.3 The ’circularly polarized’ Nova remnants
Stockman et al (1988) reported the detection of circular po-
larization in V1500 Cygni, the remnant of nova Cygni 1975,
and suggested that the pre-nova system was a AM Herculis-
type magnetic variable that became asynchoronous as a re-
sult of the nova explosion. V1500 Cygni has since synchro-
nized (Harrison & Campbell 2016).
Rodr´ıguez-Gil & Potter (2003) reported the detection
of circular polarization in RR Cha, the remnant of Nova
Chamaeleontis 1953. Its circular polarization appears not
only to be modulated on the WD spin period but also on
the harmonics of the positive super hump period. RR Cha is
an eclipsing system but little work has been done on this ob-
ject, probably because of its faintness (v > 18) and extreme
southern declination (δ ' −82o).
4.4 Magnetic field strength
As pointed out by Bernardini et al. (2017), if the system
is currently in spin equilibrium, as is thought from the in-
ferred mass ratio (Bernardini et al. 2017) and the value for
Pspin/Porb = 0.04, then the magnetic moment of the white
dwarf is estimated to be ∼5 × 1033 G cm3. Assuming a min-
imum white dwarf mass ≥ 1 M (estimated from post shock
region and MEKAL code modeling (Bernardini et al. 2017))
leads to a magnetic field estimate of ≥ 15 MG, consistent
with it being a magnetic CV. Once sychronised, the object
will become a polar.
5 SUMMARY AND CONCLUSIONS
We have detected spin modulated circular polarization from
IGR J17014−4306, which is the remnant of Nova Scorpii
1437 A.D., with a peak-to-peak variation of between zero
and negative ∼3-4%. Based on the polarimetry, we propose
that it is a disc-fed intermediate polar. The detection of neg-
ative circular polarization only is consistent with the lower
accreting magnetic pole being obscured by the accretion disc
which results in a net polarization.
IGR J17014−4306/Nova Sco 1437 A.D. is a significant
object for further studies. Its long orbital period, high-
inclination and eclipsing geometry not only helps to con-
strain the binary parameters but presents opportunities
for further detailed investigations using techniques such as
Doppler tomography (Marsh & Horne 1982; Steeghs 2003;
Kotze, Potter & McBride 2016), eclipse mapping of the
stream, curtains and disc e.g. (Hakala, Cropper & Ramsay
2002) and Stokes imaging (Potter et al. 2004).
Longer term monitoring of the spin period, to determine
the spin equilibrium state of the system, will be important.
Combined with an estimate of the magnetic moment of the
white dwarf, this will help to establish its evolution. Simu-
lations by Norton, Somerscales & Wynn (2004) and Norton
et al. (2008) have shown that high magnetic moment IPs
with long orbital periods will evolve into polars. Low mag-
netic moment IPs with long orbital periods however have 3
possible scenarios; (1) they evolve into EX Hya type sys-
tems at short orbital periods below the period gap with
Pspin/Porb > 0.1. These systems may have low magnetic
field strength secondaries and so would avoid synchroniza-
tion (2) they evolve into low field strength polars which are
possibly unobservable or (3) evolve into conventional polars:
their ’true’ magnetic field strength is buried by a high ac-
cretion rate which re-surfaces when mass accretion turns off.
Detailed multi-filtered or spectro-polarimetric observations
will help determine the magnetic field strength and hence
differentiate between these possible scenarios.
Long term monitoring will also reveal the frequency and
nature of any outbursts.
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